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We propose a way of measuring tlie plioton polarization in radiative B decays into K resonance 
states decaying to K-ktt, which can test the Standard Model and probe new physics. The photon 
polarization is shown to be measured by the up-down asymmetry of the photon direction relative to 
the Km: decay plane in the K resonance rest frame. The integrated asymmetry in _K'i (1400) -^ Ktttv, 
calculated to be 0.34 ±0.05 in the Standard Model, is measurable at currently operating B factories. 



The Standard Model (SM) predicts that photons emit- 
ted in rare b —^ sj decays are left-handed |l|, up to 
small corrections of order nis/mb, while being right- 
handed in b —^ sj. This feature is common to inclu- 
sive and exclusive radiative decays, also when including 
long-distance effects in the latter case |^. While mea- 
surements of the inclusive rate agree reasonably well with 
SM calculations ||l|, no evidence exists for the helicity of 
the photons in these decays. In several models beyond 
the SM the photon in b —^ sj acquires an appreciable 
right-handed component due to the exchange of a heavy 
fermion in the electroweak loop process. For instance, 
in SU{2)l X SU{2)ii x C/(l) left-right symmetric mod- 
els H this component may be comparable in magnitude 
to the left-handed component, without affecting the SM 
prediction for the inclusive radiative decay rate. An inde- 
pendent measurement of the photon helicity is therefore 
of interest. 

Several strategies have been proposed to look for sig- 
nals of physics beyond the SM through helicity effects 
in B ^ Xgj- In one method the photon helicity is 
probed through mixing- induced CP asymmetries y. In 
two other schemes one studies angular distributions in 
radiative decays of Af, baryons [£|j|] and in _B ^ 7(^ 
e+e~)K*{-^ Kn) 0,^. The methods using B mesons 
are sensitive to interference between amplitudes involv- 
ing photons with left and right-handed polarization. In 
the SM the interference is at a level of a few percent, and 
these methods become unfeasible at present B factories 
also for larger interference due to insufficient luminosi- 
ties. The methods using A;, decays, measuring directly 
the photon polarization, rely on future hadron colliders 
or on extremely high luminosity e+e^ Z factories. 

In the present Letter we propose to measure the pho- 
ton polarization in exclusive radiative B decays to kaon 
resonance states, B — ^ K^csl- We will study in partic- 



ular decays into an axial-vector meson, Ki(1400), and 
into a tensor meson, _?C2(1430). This measurement will 
be shown to be feasible at currently operating B facto- 
ries. An earlier suggestion to look for parity violation in 
B — > iiTi (1400)7 "^^-s made in g]. Radiative decays into 
KX{U30) were observed both by the CLEO and Belle 
|11| collaborations with branching ratios around 10~^. In 
these experiments K2 states were identified through the 
Kit decay mode. Ki states, which do not decay in this 
mode, are expected to be observed in the Kttt: channel. 
As we will argue below, in order to probe the photon 
helicity, one must study excited kaon decays into final 
states involving at least three particles. 

Let us explain first the necessary conditions for a theo- 
retically clean measurement of the photon helicity in ra- 
diative B decays from recoil hadron distributions. Since 
the photon helicity is odd under parity, and since one 
only measures the momenta of final decay products, spin 
information cannot be obtained from two body decays 
of the excited kaon. It requires at least a three body 
decay in which one can form a parity-odd triple prod- 
uct pj ■ (pi X p2). Here p^ is the photon momentum, and 
Pi , p2 are two of the final hadron momenta, all measured 
in the iiT-resonance rest frame. The average value of the 
triple product has one sign for a left-handed photon and 
an opposite sign for a right-handed photon. 

The above correlation is, however, also T-odd. In order 
not to violate time-reversal in the excited kaon decay, the 
decay amplitude must involve nontrivial final state inter- 
actions. Usually this poses the difficulty of introducing 
an unknown final state phase. In order to have a mea- 
surement which can be cleanly interpreted in terms of the 
photon helicity, this phase difference must be calculable. 
This is the case in Kj-^s -^ K*Tr -^ Kmr, where two 
isospin-related K*(892) resonance amplitudes interfere. 
Parametrizing resonance amplitudes in terms of Breit- 



Wigner forms, known to be a very good approximation 
for the narrow K* , yields a calculable strong phase. In 
this respect, this method is similar to measuring the r 
neutrino helicity in t -^ aiv-r, where the corresponding 
phase-difference is calculable in terms of the two inter- 
fering oi -^ p-K amplitudes |12 1^. 

Considering cascade decays of B{bq) (q — u, d), B -^ 
K-ccal —^ Kirn^, we denote weak B —^ Kj-^sj amplitudes 
involving left and right-handed photons by cl and cr, 
and corresponding strong ^^es decay amplitudes by A^l 
and A^fl, respectively. Amplitudes involving left and 
right-handed photons do not interfere since in principle 
the photon polarization is measurable. Therefore, 



\A{B -. i?re.7, ^rcs ^ K7nT)\^ = 

\cLf\MLf + \cRf\MR\\ 



(1) 



In the SM the photon in B decays is dominantly left- 
handed, Icjil"^ ^ |cLp. The corresponding B decay 
amplitudes obey a reversed hierarchy implying a right- 
handed photon. We denote the photon polarization by 



ICfll 



\CL\ 



\cr\ 



CL 



(2) 



such that in the SM A.y « 1 holds for radiative B decays, 



while A-. 



-1 applies to B decays. 



The weak amplitudes cr^l are given by cr^l = 
g^""'{0)C7R^L, where g_^_""'{0) are hadronic form factors 
at g^ = 0, which have already been computed using sev- 
eral models |1J] . (For most part, we will not rely on these 
calculations). Cyr^l are Wilson coefficients appearing in 
the effective weak radiative Hamiltonian 
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Since the form factors g^'"" are common to cl and cr, 
a measurement of the ratio cr/cl can be translated into 
information about the underlying new physics entering 
the Wilson coefficients. 

We now describe details of the method based on the 
decays B — )■ Ki"f, beginning with formalism and ending 
with an estimate demonstrating the high sensitivity of 
the measurement to the photon polarization. We com- 
pare this sensitivity with the one using Kmr decays of 
K^. 

The decay processes iiri(1400) — > Ktttt are dominated 
by ii:*(892)7r, with a branching ratio of 94 ± 6% @. 
A smaller branching ratio into pK, 3 ± 3% |1^, will be 
neglected at this point, and will be considered later on 
in order to estimate an uncertainty. We will study the 
modes 



K^ 



K', 



K*+TT- 



K\+7r" . 



K+7r-n° 



(4) 



The decay amplitude of ii'i(1400) -> K*{892)n can be 
written in terms of two invariant amplitudes 



Ml ^ A{e ■ e'*) + B{e ■ p'){e'* ■ p) , 



(5) 



where e, p and e', p' are the polarization vectors and 
momenta of the Ki and K* , respectively. This amplitude 
is a mixture of S and D waves. The D/S ratio of widths 
and the phase difference between the two partial wave 



amplitudes were measured in llq] , IAd/Ac 



0.04±0.01 



and arg(A£,Ms) = So - Ss = (260 ± 20)°, respectively. 
The relation between the invariant amplitudes and the 
partial wave amplitudes can be shown to be given by p7|] 



A = As + ^^Ao 



(6) 
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where the K* energy and momentum are given in the 
Ki rest frame. The amplitude (|5|) must be convoluted 
with the amplitude for K* —^ Kn which is proportional 
to e' • (ptt — Pk ) ■ Isospin symmetry implies that the two 
K* contributions to the processes 1^ are antisymmetric 
under the exchange of the two pion momenta. 

Denoting the momentum of Ki , the two pion momenta 
and the kaon momentum by p, pi, p2 and pa, respec- 
tively, we find the amplitude of (0), 
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and B^A is a Breit- Wigner form, 



B^j - 
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p ■ pi and pi • p2 can be written in terms of S13 and S23. 
Using (|6|), one obtains 



C(S13,S23) OC 
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where k = B/A 
0.71\AD/As\e'^^'' 



= -[0.38 -t- 8.66|^DMs|e'(''°~''^)][l 



Let us express the amplitudes Ml,r in the rest frame 
of the Ki. The polarization vectors corresponding to 
right and left-handed Ki of helicity ±1, e^.^, are defined 
in this frame by e^i = 0, and e±i = ^A={ex ± iSy). The 
two unit vectors Bx and By are perpendicular to Sz — —p-y, 
which points along a direction opposite to the photon (or 
B) momentum. Denoting by 9 the angle between the 
normal to the decay plane, n = (pi x 'P2)l\{pi x ^2)1: and 
the direction opposite to the photon, cos 6 = n ■ iz, one 
finds 



Mr^l oc -y= {tJx 



i cos 6Jy' ) , 



(11) 



where x, y' and n form a set of orthogonal axes. (We 
choose these axes such that the plane perpendicular to 
the photon direction and the decay plane intersect on the 
X axis.) 

Squaring the amplitudes and integrating over a com- 
mon rotation angle 4> of pi and p2 in the decay plane, one 
obtains 

c2tt 



^j dct>\MR,L\ 



J\^(l + cos'^e)±2lTa{h- (Jx J*) 
one obtains the B 



Using Eqs. (|l|) and 
decay distribution 



)s6l. (12) 
{KTni)Kil 



ex 



c?si3ds23rfcos6' 

|Jp(l + cos2 6') + A.^2Im('7i-(Jx J*)\cose. (13) 

Since the angular variable cos 9 changes sign under the 
exchange of S13 and S23j we define a new angle 9 which is 
independent of S13 and S23, cos9 = sgn(si3 — S23) cos9. 
An equivalent definition of 9 is the angle between —p^ 
and the normal to the decay plane defined by Psiow xpfast, 
where psiow and pfast are the momenta of the slower and 
faster pions. 

The asymmetry between decay distributions corre- 
sponding to right and left-handed photons, from which 
the photon polarization can be determined, is contained 
in the second term in Eq. (O). It describes an up-down 
asymmetry of the photon momentum with respect to the 
Ki decay plane. In order to measure Xy one would fit 
the B and B decay distributions to dl3), which has a 
well-defined dependence on 9 and on the energy variables 
S13, S23 occurring in the Breit-Wigner forms. In order to 
obtain a conservative estimate for the sensitivity of the 
decay distribution to the photon polarization, let us con- 
sider the integrated up-down asymmetry. 
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(14) 



Integrating the numerator and denominator over the en- 
tire Dalitz plot, one obtains 



A= (0.34±0.05)A^ 



(15) 



The calculated asymmetry involves theoretical uncer- 
tainties from two sources: the pK intermediate state 
which we neglected, and an error in the D-wave am- 
plitude of Ki — + K*TT. Varying the magnitude of the 
KipK coupling under the constraint from the measured 
ii'i(1400) -> Kp branching ratio, B{Ki -^ Kp) = 
0.03 ± 0.03, and varying the relative intrinsic phase be- 
tween the pK and K*-k amplitudes in the range —30° 
to -1-30° as measured in 16 1, this amplitude introduces 
an uncertainty of ±0.04 in A. The experimental er- 
ror in the D wave amplitude is shown to contribute 
±0.03 to this uncertainty when varying jAu/Asp = 
0.04 ± 0.01, 5d-5s = 260° ± 20° ^. 

The SM predicts A^ « ±1(-1) for B{B) decays. 
Namely, in B~ and B'~' decays, the photon prefers to 
move in the hemisphere ofpsiow x Pfast, while in i?+ and 
S° decays it prefers to move in the opposite direction. 
For a three standard deviation measurement of a total 
up-down asymmetry, A ~ 0.34 (—0.34), expected in 
the SM for B+ (B') and B° {B°) decays, one needs to 
observe a total of about 80 charged and neutral B and 
B decays to {KinT)Ki"f- In order to estimate the num- 
ber of BB pairs needed for this measurement, we will 
assume that the branching ratio of i? ^ iiTi (1400)7 is 
0.7 X 10~^, as calculated in some models Q. We use 
B{Ki{UOO) -^ K*tt) = 0.94 j|l|, and note that 4/9 of 
all K*TT events in K^ and if {decays occur in the two 
channels specified in Eq. (H). Including a factor 1/3 for 
observing a Ks (from K^) through its tt+tt" decay, we 
estimate a branching ratio of S ~ 0.7x 10^^ x (4/9)0.94 ~ 
0.3 X 10"^ into (X+7r-7rO)^^(i4oo) and 6 ~ 0.1 x 10"^ 
into {KsT^^i^'^)Kx(iAm)- Ignoring experimental efficien- 
cies and background, 80 {Kmr)Ki"f events can be ob- 
tained from a total of 2 x 10^ BB pairs, including charged 
and neutrals. This number of B mesons has already been 
produced at e+e^ colhders ||l8|-po|]- Since we ignored ex- 
perimental efficiencies, resolution and background, one 
may have to wait a year or so before obtaining the re- 
quired number of events. 

Similar studies can be carried out for other kaon reso- 
nance states in radiative B decays. The decay distribu- 
tion for an excited KI is insensitive to the photon po- 
larization. In the case of iir|(1430) one finds, when both 
K*t: and pK contributions are included. 



dr 



\pi xp2|^ \jf{cos'^9 + cos'^29) 
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+ A^2Im (h ■ (J X J*) ) cos 9 cos 29 , 



(16) 



where J = pi[i?^ + KpBl2\+P2[Bi^ +KpBf^2] ^nd BI2 is 
defined analogously to Bf^ . The complex parameter Kp, 



parametrizing the relative strength and final state phase 
difference of the K*^ and pK contributions, is given by 
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3 ffKJpK SpTTTT 



"^gK'K'TT gK'KiT 



2.38. 



(17) 



The two ratios of couplings are obtained from the corre- 
sponding measured partial widths |Iq] . The strong phase 
5 vanishes in the SU(3) limit and is dominated by the 
phase of gK*pK / QK'K'tt, measured to be smaller than 
30° in a K2 resonance production experiment pGJ . 

While the integrated up-down asymmetry in Eq. (Ilq) 
vanishes, a useful observable which is proportional to A-y 
is {cos 9). Integrating this quantity over a square re- 
gion, O.TlGeV^ < si3,s23 < 0.89 GeV^, where the two 
K* bands of widths 2Tx* overlap, one finds {coa6)s = 
(0.071 ± 0.03) A..^, when S is varied in the range (0°±30°). 
The value of {cos 9) obtained when integrating over the 
entire Dalitz plot is considerably smaller. 

We conclude with a few practical comments. The re- 
gion of Ktttt invariant mass around 1400 MeV includes 
iiri(1400) which involves the large up-down asymmetry 
calculated in (Esf), KKlAlO) which leads to no asymme- 
try, and iiTj (1430) which adds a relatively small asymme- 
try. The two asymmetries from Ki and K2 have equal 
signs. Therefore, the sign of the total asymmetry is pre- 
dicted in the SM. Using the different energy and angular 
dependence of the three resonances, one should be able 
to isolate the Ki contribution from the other resonances 
and from a small nonresonant Ktttt contribution in a nar- 
row invariant mass band around m{KTni) = 1400 MeV. 
This would provide a first significant photon polarization 
measurement in radiative b ^ sj decays, which may con- 
firm the SM prediction or detect a large violation of this 
prediction. A precise measurement, sensitive to small 
new physics effects, seems unfeasible at this time. 

Our study focused on decay modes of higher K res- 
onances which involve one neutral pion. This was nec- 
essary in order to have two interfering K*tt amplitudes 
which are related by isospin symmetry. An asymmetry 
is also expected in channels involving only charged par- 
ticles, K TT^TT , which were measured very recently by 
the Belle collaboration ll^]. In this case the asymmetry 
originates in the interference between K*tt and pK (or 
foK) amplitudes. The latter amplitude is significant in 
i4:i(1270) and K^{U30) decays. In i4:i(1270) -^ K*tt 
one must also consider the effect of a possibly significant 
_D-wave amplitude, for which the upper limit is rather 
loose ITlll^l. 
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